Survivin is a novel inhibitor of apoptosis (IAP), and the two splice variants of survivin (survivin-2B and survivin-EX3) have been identified. Gene expression levels of survivin, survivin-2B and survivin-EX3 in 56 ectopic (16 peritoneal red and 16 peritoneal black lesions and 24 ovarian endometriomata) and 13 eutopic endometrial tissues surgically obtained from 42 women with endometriosis (group A) were compared with those in 16 control eutopic endometrium from 16 women without endometriosis (group B) by quantitative RT-PCR analysis. Survivin mRNA expression levels in ectopic endometriotic tissues were significantly higher than those in eutopic endometrium of groups A and B over the whole cycle. Red peritoneal lesions had higher gene expression levels of survivin than black lesions. In contrast, all tissue samples examined showed relatively lower gene expression levels of survivin-2B and survivin-EX3. No cyclic variation was found in survivin and the two splice variants, both in ectopic and in eutopic endometrium. Although there was no significant difference in the ratio of survivin-2B/survivin between ectopic and eutopic endometrium, the ratio of survivin-EX3/survivin in peritoneal endometriotic lesions was significantly higher than that of eutopic endometrium of groups A and B. These results suggest that survivin and survivin-EX3 may be closely linked to escape from apoptosis and the development of endometriosis.
Introduction
Endometriosis is a common disease affecting 5-15% of women in the general population and 40% of women seeking infertility evaluation (Eskenazi and Warner, 1997) . Its aetiology is unclear, but it is thought to be because of the implantation and maintenance of disseminated uterine endometrium, predominantly on the ovary and pelvic peritoneum (Sampson, 1927; Jenkins et al., 1986) . Normal epithelial cells undergo apoptosis when they separate from their primary tissue. However, spontaneous apoptosis of ectopic endometrial tissue is impaired in women with endometriosis, and its decreased susceptibility to apoptosis might participate in the growth and survival of endometriotic tissue (Gebel et al., 1998; Belliard et al., 2004) .
Among the regulators of cell death, inhibitor of apoptosis (IAP) proteins have recently emerged as modulators of an evolutionarily conserved step in apoptosis, which may potentially involve the direct inhibition of terminal effector caspases 3 and 7 (Devereaux et al., 1997) . Recently, a novel and structurally unique member of the IAP gene family-designated survivin was identified (Ambrosini et al., 1997) . Unlike other IAP proteins, survivin was found during embryonic and fetal development, was completely down-regulated and undetectable in normal adult tissues and became prominently reexpressed in all of the most common human cancers (Ambrosini et al., 1997) . In contrast, recent reports have demonstrated that survivin is also expressed in normal tissues, such as skin, endothelial cells and endometrium (Chiodino et al., 1999; Konno et al., 2000; O'Connor et al., 2000; O'Driscoll et al., 2003) . Konno et al. (2000) indicated that survivin could play an important role in physiological homeostasis during the normal menstrual cycle. Moreover, we previously reported using semi-quantitative RT-PCR analysis that survivin gene was detected in ectopic and eutopic endometrium and that survivin gene expression was closely associated with reduction of apoptotic cells and invasive phenotype in endometriosis (Ueda et al., 2002) . Survivin may be closely linked to escape from apoptosis of endometriotic tissue and the development of endometriosis.
The gene encoding for survivin has been located on chromosome 17q25. Two novel splice variants of survivin oriented at the same locus were recently described: survivin-2B and survivin-EX3 (Mahotka et al., 1999) . Survivin-2B retains 69 bp of intron 2 as a novel exon (exon 2B) between exon 2 and exon 3. Survivin-EX3 is missing 118 bp of exon 3. On the basis of their transfection experiments, Mahotka et al. (1999) reported that the role of survivin-EX3 might be the conservation of anti-apoptotic properties, whereas the role of survivin-2B might be the reduction of the anti-apoptotic potential compared with that in survivin. Although Mahotka et al. (2002) and Yamada et al. (2003) succeeded in quantifying gene expression levels of survivin splice variants using benign or malignant kidney and brain tissue specimens, there has been no report on the expression pattern of these variants in human endometrium.
In the present study, we analysed gene expression levels of survivin and its splice variants in ectopic and eutopic endometrium using quantitative RT-PCR and evaluated the biological significance of survivin isoforms in the pathogenesis of endometriosis.
Materials and methods

Patients and tissue samples
The subjects in this study were women of reproductive age undergoing laparoscopy or laparotomy for suspected endometriosis or benign tumours between December 1999 and February 2002. At the time of surgery, pelvic organs were examined carefully for the presence and extent of endometriosis. Stages of the disease and macroscopic findings of endometriotic lesions were classified according to the revised American Society for Reproductive Medicine (1997) classification system. Patients who received sex-steroid derivatives or GnRH analogues within 1 year before the operation were excluded from the current study. This study was approved by our institutional review board, and all subjects signed informed consent forms.
Forty-two women with endometriosis (group A) and 16 women without endometriosis (group B) were evaluated. Of the 42 women in group A, two had stage I, three had stage II, 10 had stage III and 27 had stage IV disease. Fiftysix ectopic endometriotic tissue specimens for mRNA analysis were removed with biopsy forceps under laparoscopy or laparotomy from the women in group A. Ectopic endometriotic tissues included 16 peritoneal red and 16 peritoneal black lesions and 24 ovarian endometriomata. Eutopic endometrial tissues were also collected by endometrial curettage from 13 women in group A. Sixteen control eutopic endometrial tissue specimens were obtained as described above from the group B without any findings of endometriosis on laparoscopy. The menstrual cycle phase for each subject was assigned based on the histologic evaluation of eutopic endometrium or basal body temperature. All tissue specimens were immediately frozen in liquid nitrogen and then stored at -80°C until use.
RNA isolation and cDNA preparation
RNA was extracted from homogenized tissue samples by a combination of initial phenol/chloroform extraction according to the RNA STAT-60 protocol (Tel-Test, Friendswood, TX, USA) and then SV-total RNA isolation kit extraction (Promega, Madison, WI, USA) according to the supplier's recommendation. Contaminating residual genomic DNA was removed by digestion with RNase-free DNase (Promega). cDNA was prepared using at least 2 μg of total RNA and SUPERSCRIPT II reverse-transcriptase (GIBCO BRL Life Technologies, Gaithersburg, MD, USA) with random hexamers as primers and was finally dissolved in diethyl pyrocarbonate-treated water and then frozen at -20°C until use.
Quantitative RT-PCR analysis
Quantitative PCR amplification was performed with a LightCycler (Roche Diagnostics, Tokyo, Japan) according to the method reported by Yamada et al. (2003) , with some modifications for each target gene. As an internal control, the expression of β-actin mRNA was measured.
The primer pairs and hybridization probes for survivin and the two splice variants were as follows. The sequence of the common forward primer for survivin, survivin-2B and survivin-EX3 was 5′-CCACCGCATCTCTACATTCA-3′ (NCBI BC008718 90-109, NCBI AB028869 74-93 and NCBI BC000784 102-121, respectively). To distinguish between survivin and either of its splice variants, we designed the sequences of reverse primers to correspond to exon/ exon borders of the complementary strand. The sequence of the reverse primer for survivin mRNA was 5′-TATGTTCCTCTATGGGGTCG-3′ (NCBI BC008718 255-274), for survivin-2B mRNA 5′-AGTGCTGGTATTACAG GCGT-3′ (NCBI AB028869 268-287) and for survivin-EX3 mRNA 5′-TTTC CTTTGCATGGGGTC-3′ (NCBI BC000784 268-285). The sequence of the common hybridization probe F for survivin, survivin-2B and survivin-EX3 was 5′-CAAGTCTGGCTCGTTCTCAGTGGG-3′-fluorescein isothiocyanate (FITC) (NCBI BC008718 159-179, NCBI AB028869 143-163 and NCBI BC000784 171-191, respectively) . The sequence of the common hybridization probe R for survivin, survivin-2B and surviving-EX3 was LC-5′-CAGT-GGATGAAGCCAGCCTCG-3′-P (NCBI BC008718 181-204, NCBI AB028869 165-188 and NCBI BC000784 193-216, respectively) . The nucleotide sequences of primer pairs and probes for β-actin mRNA were designed as previously described (Kanda et al., 2005) .
Two microlitres of cDNA aliquots was subjected to amplification in a 20-μl reaction mixture containing 2 μl of LightCycler-FastStart Mix (Taq DNA polymerase, reaction buffer and deoxynucleoside triphosphate mix; Roche Molecular Biochemicals, Mannheim, Germany), 1 μl of sense and antisense primers (10 pM), 1 μl of hybridization probe R (8 pM), 1 μl of hybridization probe F (4 pM) and 3 mM of MgCl 2 and sterile distilled water. After an initial denaturation at 95°C for 15 min, 40 cycles of denaturation at 95°C for 10 s, annealing at 62°C for 10 s and extension at 72°C for 10 s for the respective target genes were carried out on a Roche LightCycler System. A standard curve was generated using fluorescent data from the serial dilutions of the plasmid including a single PCR product for each gene. Data for survivin, survivin-2B and survivin-EX3 were normalized with the data for β-actin. Each analysis was performed in triplicate.
Statistical analysis
All statistical calculations were carried out using Stat View statistical software. The significance of differences between groups was calculated by analysis of variance (ANOVA) with post hoc test. A P value <0.05 was accepted as statistically significant.
Results
Survivin gene expression levels in each lesion
As summarized in Table I , gene expression levels of survivin in ectopic endometriotic tissues were significantly higher than those in eutopic endometrium of groups A and B over the whole cycle (P < 0.01) and either in the proliferative or in the secretory phase (P < 0.05). However, there was no significant difference in the expression levels of survivin between eutopic endometrium of groups A and B. Survivin mRNA expression levels in eutopic endometrium of groups A and B tended to be higher in the secretory phase than in the proliferative phase, but there was no statistically significant difference.
Survivin-2B gene expression levels in each lesion
As summarized in Table II , quantitative RT-PCR analysis on survivin splice variants revealed that ectopic and eutopic endometrial tissues had extremely lower gene expression levels of survivin-2B over the whole cycle. There was no statistically significant difference in the expression levels of survivin-2B between ectopic and eutopic endometrium obtained from women of groups A and B, and no cyclic variation was found.
Survivin-EX3 gene expression levels in each lesion
As summarized in Table III , ectopic and eutopic endometrial tissues had also relatively lower gene expression levels of survivin-EX3 over the whole cycle. Survivin-EX3 mRNA expression levels in ectopic endometriotic tissues tended to be higher than those in eutopic endometrium of groups A and B, but there was no statistically significant difference, and no cyclic variation was found.
Gene expression levels of survivin and its splice variants in each peritoneal lesion
As summarized in Table IV , gene expression levels of survivin in peritoneal red and black lesions were significantly higher than those of survivin-2B and survivin-EX3 over the whole cycle (P < 0.01). Survivin mRNA expression levels in peritoneal red lesions were statistically higher than those in peritoneal black lesions in the prolifera-tive phase (P < 0.05). There was no significant difference in the expression levels of the two splice variants between peritoneal red and black lesions either in the proliferative or in the secretory phase, and no cyclic variation was found.
Expression patterns of survivin splice variants in ectopic and eutopic endometrium
We then compared the ratio of survivin splice variants/survivin between ectopic and eutopic endometrium. There was no statistically significant difference in the ratio of survivin-2B/survivin between ectopic endometriotic tissues and eutopic endometrium of groups A and B (Figure 1 ). In contrast, the ratio of survivin-EX3/survivin in peritoneal endometriotic lesions was significantly higher than that of eutopic endometrium of groups A and B, respectively (P < 0.01; Figure 2 ).
Discussion
In this study, we analysed gene expression levels of survivin and its splice variants in ectopic and eutopic endometrial tissue samples using Table I . Survivin gene expression levels in each lesion Gene expression levels of survivin in ectopic endometriotic tissues are significantly higher than those in eutopic endometrium of groups A and B over the whole cycle (a-d, P < 0.01) and either in the proliferative (e, f and h, P < 0.01; g, P < 0.05) and in the secretory (i and j, P < 0.05) phase. There is no significant difference in the expression levels of survivin between eutopic endometrium of groups A and B. Each value is mean ± SD.
Patient
Over Ectopic and eutopic endometrial tissues have relatively lower gene expression levels of survivin-EX3 over the whole cycle. Survivin-EX3 mRNA expression levels in ectopic endometriotic tissues tend to be higher than those in eutopic endometrium of groups A and B, but there is no statistically significant difference, and no cyclic variation is found. Each value is mean ± SD. (Konno et al., 2000; Ueda et al., 2002; Goteri et al., 2005) . Although Mahotka et al. (2002) and Yamada et al. (2003) measured mRNA expression levels of survivin splice variants using kidney and brain tissue specimens, this is the first successful quantitative analysis of survivin and its isoforms in human endometrium. Previous studies have indicated that survivin is expressed during fetal development but not in most normal tissues in adults (Ambrosini et al., 1997; Adida et al., 1998; Altieri et al., 1999) . In contrast, recent reports have demonstrated survivin expression in normal adult tissues, such as skin, endometrium, endothelial cells, normal blood lymphocytes, pancreas, spleen and colon (Chiodino et al., 1999; Konno et al., 2000; O'Connor et al., 2000; Shinozawa et al., 2000; Hirohashi et al., 2002; O'Driscoll et al., 2003) . In their RT-PCR analysis, Hirohashi et al. (2002) reported low levels of survivin expression in all normal tissues tested in adults (stomach, small intestine, large intestine, spleen, lung, kidney, prostate, pancreas, heart and thymus). Yamada et al. (2003) also evaluated gene expression levels of survivin and the two splice variants in brain tissue samples and reported that survivin mRNA was expressed at a very low level in the normal adult brain templates, whereas survivin-2B or survivin-EX3 gene expression was almost undetectable in these specimens. Our present results demonstrated that eutopic endometrium obtained from the patients with or without endometriosis had also lower gene expression levels of survivin, survivin-2B and survivin-EX3 and that mRNA expression levels of the two splice variants were significantly lower than those of survivin. Reduced expression of survivin and its splice variants in normal adult differentiated tissues might be associated with the lower proliferative activity compared with neoplastic lesions (O'Driscoll et al., 2003) .
In our study, gene expression levels of survivin in ectopic endometriotic tissues were significantly higher than those in eutopic endometrium obtained from the patients with or without endometriosis over the whole cycle. Interestingly, survivin mRNA expression levels in red peritoneal lesions were higher than those in black lesions. Donnez et al. (1998) suggested that endometriosis probably arises from the peritoneal seeding of viable endometrial cells during retrograde menstruation and that red lesions, which have higher proliferative activity, can be considered as the first stage of implantation. In contrast, advanced lesions are characteristically blue-black in appearance, which are less active than early lesions (McLaren, 2000) . The higher survivin expression in red lesions may provoke an escape from apoptosis and facilitate implantation and viability in the peritoneal cavity. We previously demonstrated using semi-quantitative RT-PCR and immunohistochemical analysis that ectopic endometriotic tissues had higher gene and protein expression levels of survivin compared with normal eutopic endometrium (Ueda et al., 2002) . Very recently, Table IV . Gene expression levels of survivin and its splice variants in each peritoneal lesion Gene expression levels of survivin in peritoneal red and black lesions were significantly higher than those of survivin-2B and survivin-EX3 over the whole cycle (a-d, P < 0.01). Survivin mRNA expression levels in peritoneal red lesions were statistically higher than those in peritoneal black lesions in the proliferative phase (e, P < 0.05). There was no significant difference in the expression levels of the two splice variants between peritoneal red and black lesions either in the proliferative and in the secretory phase, and no cyclic variation is found. Each value is mean ± SD. Goteri et al. (2005) also indicated that survivin expression is significantly increased in ovarian endometriomata and stated that protection from apoptosis by survivin is closely related to the growth of endometriotic cysts. Moreover, survivin gene and protein expression was closely associated with the reduction of apoptotic cells and invasive phenotype in endometriosis (Ueda et al., 2002) . These data strongly suggest that survivin is closely associated with escape from apoptosis of endometriotic tissue and the development of endometriosis. According to the implantation theory, eutopic endometrium has to have the ability to survive in the peritoneal cavity following retrograde menstruation. Several previous reports (Donnez et al., 1998; McLaren, 2000; Takehara et al., 2004) have indicated that endometriosis may arise from eutopic endometrium which has higher level of angiogenic and proliferative activities in women with endometriosis. However, our present results demonstrated that there was no statistically significant difference in the expression levels of survivin and its splice variants between eutopic endometrium from the patients with endometriosis and that without endometriosis. The up-regulation of survivin gene expression and reduction of apoptosis in endometriotic lesions may be induced possibly by various growth factors and cytokines under the specific environment of peritoneal cavity in women with endometriosis (Gebel et al., 1998; Giudice et al., 1998; Belliard et al., 2004) . Apoptosis in human endometrium is also affected by various sex-steroid hormones (Thompson, 1994; Suganuma et al., 1997; Imai et al., 2000; Harada et al., 2004) . However, previous reports on the correlation between survivin expression and menstrual cycle are controversial. Konno et al. (2000) reported that survivin protein expression in normal endometrium was strongest in the latesecretary phase, whereas Lehner et al. (2002) demonstrated that survivin gene expression levels were increased in proliferative endometrium. In contrast, our data suggested that no cyclic variation was found in survivin, survivin-2B and survivin-EX3 mRNA expression levels both in ectopic and in eutopic endometrium. Although survivin seems to play an important role in physiological homeostasis in eutopic endometrium (Konno et al., 2000) , the cyclic change and the regulatory mechanism of survivin expression during the normal menstrual cycle should be further elucidated.
We finally evaluated the ratio of survivin splice variants/survivin in ectopic and eutopic endometrium to speculate on the functional role of the two splice variants in the pathogenesis of endometriosis. Although there was no significant difference in the ratio of survivin-2B/survivin between ectopic and eutopic endometrium, the ratio of survivin-EX3/survivin in peritoneal endometriotic lesions was significantly higher than that of eutopic endometrium. Mahotka et al. (2002) reported that the ratio of survivin-2B/survivin was significantly decreased in the late tumour stages of renal cell carcinoma, whereas the ratio of survivin-EX3/survivin was not related to the tumour stages. Yamada et al. (2003) demonstrated that the ratio of survivin-EX3/survivin was significantly increased in malignant brain tumours and gliomas compared with non-gliomas, whereas there was no significant difference in the ratio of survivin-2B/survivin in these tumours. Both groups found that the expression patterns of splice variants were dominant for survivin-EX3 in malignant tumours and dominant for survivin-2B in benign tumours. The role of survivin-EX3 is preservation, and the role of survivin-2B is the reduction of the anti-apoptotic property compared with that of survivin (Mahotka et al., 1999) . The higher ratio of survivin-EX3/survivin in peritoneal endometriotic lesions may reflect specific biological characteristics of endometriosis more likely as a behaviour of cancer cells. Further studies are needed to clarify the biological role of survivin splice variants in the development of endometriosis.
